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SUMMARY

The effect of direction of propeller rotation upon
the dynamic lateral—stabllity characteristics of a twin-
engline alrplane modol equlpped with eingle vertical teils
of three different slzes has been lnvestligated in the NACA
free—~flight tunnel, The effects of flap deflection and
amount of power were also studled,

Little effect of powsr end of direction of propeller
rotatlon upon lateral stabllity was observed for tns con—
dition of the rodel with flaps up, The princilpal effect
of directlon of propeller rotation for this condition was
the trim chanse accorpanying the mode of rotatlon in wkich
both propellers turned right hand, With flaps deflected,
however, powver and mode of propeller rotation had a pro—
nounced effect on lateral stability, The mode of propel-
ler rotwatlon 1n which both bladss moved down in the ecenter
gave the most satlsfactory dynanlec letera® stabllity of the
three modes of rotatlion lnvestigated, The mode—of—rotation
effects obsarved in these tests were correlated with forece
and alr—flow—survey data from other sourzes,

Thke most satlsfactory- lateral—stabllity caaracteris—
tlics of the model in flight wore encountered for tha model
wlth large vertlcal-tail areas,

INTRODUCTIONW

The dlrection of rotation of the propellsrs on twin-
engine alrplanes is becoming of greater importance because

e




of the increase 1n engine power and the accompanying
effects on airplane stabllity, Recent tests (refer—
ence 1) have shown that, although the direction of pro-
peller rotation has a pronounced effect on both static
longitudinal and lateral stabllity, no single mode of
rotatlion was found to glve the best results for all con-
ditions, In order to provide more data on the subject
and to determine the affect of mode of propeller rotatlion
on the actual flight behavior of an airplane model, tests
have been conducted in the NACA free—flight tunnel on a
1/20-scale model of the twin—engine airplane in the maddum
bomber clasa represented in reforence 1,

Three modes of propeller rotetlion were investigated
as follows:

(1) Asymmetric prepeller rotation, propeller blades
on both englnes turning right hand

(2) Outboard propallar rotation, propeiler blades on
becth engines going up mnsar the fuselago

(3) 1Inboard propeller rotetlion, propeller bladss on
both englnes geclng down nsar the fuselags

In order to isolate the effect of mode of rotation for both
the fleps—up and the flaps—down condltlons, thres slzas of
vertical tall were employed, which made it possible to place
the model 1n etabllity regilons ln which relatively small
changes in stabllity could be more readily detected, The
effect of mode of propoller rotation on the gensral flight
characteristice of the modsel was determined with referceace
to tha effects on lateral atability and control,

APPARATUS AND METHODS

¥ind Tunnel

The tests were made 1n the NACA free-~flight tunnel,
a complete description of wkich will be found in reference
2, VFlgure 1 1ls a photograpi of the test section of the
tunnel showlng a powered model being tested in flight,

In the flight tests, the unrestrained model fliles
freely iIn the tuunel under the remote control of a pilot,
A second operator adjusts the alrspeed, tunnel angle, and



power to the motor in the model .to correspond to the
desired. flight conditions,. After the lateral trim and

the longitudinal trim of the model have been adjusted for
the partlcular test conditlions, the stabllity of the model
in uncontrolled flight 1s observed and the effectliveness
the controls i1s determined, Motion—plcture records of
flights arée taken by three cameras mounted at the top, side,
and rear of the tunnel, .

of

in figure 3.

Model

A three—view drawing of the 1/20-scale modsl is pre~
gented in figure 2 and photographs of the model are shown

A simple wiroc landing gear was lnestalled on

the model as shown in filgure 2 to provide gufficlent ground
angle for take—~off and to absord shock in landings, Sketches
of the three vertical talls usad in the tests are shown 1a

figure 4, The dimensional characteristics of the alrplans
a8 scaled-up from model values are given in the following
tablot

¥ing:

Area, square fest , ,
Span, feet , . . . .
Aspect ratio , , ., ,
Root chord, inches ,
Tip chord, inches , ,
Mean serodynamilic chord
Root sectior , . . .
Tip section , , . ., . o s

po® © o o o

Percent chord line with gero sweepback

Sweepback at leading edge, degrees
Dihedral angle, degrees , , . . . .
Incldence, degrees . .« .
Geometric twlst (washout), degrees.
Taper ratio , ,

Fuselage:

Length. feet [ Y [] '] [ ] [ ] [ ]
section [ ] L ] 9 L] [ ] [ ) . [ ] e L] [ ] e * L]
Frontal area, square feet .,

Horizontal tail:

Total area, square feet , , ,
Bpan, feet , , . 4 ¢« ¢ ¢ o o s o @
Aspect ratio , . , . o
Dihedral angle, degrees
For flaps—up tests , , .
For flape—~down tests

L)
e
L]
L]
L)
[

. ¢« 675,90
s o 72,61
. 7.80
« » 161,13
« « 67,00
e » 120,08
NACA 23017
RACA 4409-R
3 ] [ 33
L] L ] L[] 4l2
L ] L] L ] a
] L ] L ] 3
e o o 83,5
e o .B.4:1
« » 54,5
. -Cirocdlar
e o » 38,5
. . 183,20
L] [ ] 26.85
. » 3.94
« 7.5

. .0




Stabiliger setting, dsgrees , , . . « o o o s o 1,60
Length from center- line of elevator hinge to

center of gravity of airplane, feet , ., . ., . .28,90
Elevator balance-arsa, square feet e » o = » » 10,63
Elesvator area aft center line of hinge, ]

square feebt ., . . . . . 4 . i ¢ 4 e o e o s s 453,00

TJertical tall 2

Total arca, square feet . . . . . ¢ « ¢« &+ ¢« & o« 74,80
Span feet . ] * [ ] . ° » . . . - - . . ') . ® 19;68
Aapect ratio , . . e o s s s s s o o 1,54
Length from center 11ne of rudder hinge to center
of gravity of alrplane, feet , ., . , ., .. . 27,40
Fin area, square fewst. e s 2 e s e a = s » » s 835,686
Rudder area sqQuU&ars feet . o » c s v s e o = +39,24
Eudden—balance area, square feet e + o s o = o & 9,14
Ruidcr ar:za aft hinge line, square feet .,/ v . ,30,20
(Pertinent data for tail 1 and tail '3 are given in

fig, 4.)

dileron: (one of two) _
Area aft of hinge line, square fest ., ., . .-, . .20,91
Span" faet [ . a [ [ [ L) . - . L] . [} . L] [] L] . u11.41
Mean chord, 1nches , ., . . . . . ¢« ¢ .+ + « . . 17,0

Flap: S
Totdl flap -area, squqrq feet L, ¢ . e e o e .« o 80,3
Arcza .aft ‘of hinge line, square-feet , , . . . . . 65,8
Total span, £28F . , , ¢ & o o« o 6 o s o 2 s « ».38.4
TYDPE & % o % s o o » 5 o« v s o i 3 5 o o s « o8lotted

The mass caeracterlatics of the model represcnted a
full-sc#le sirplane possessing a wing loading of €6 pounds
per'square foot with the center of gravity located at 21
percent of the msan aaredynamic chord, The full—-scale
radii of gyration representad by tha mofdel lcadlang are. as
follows:

Radius of gyration about longitudinal axls, kg, feet 9,36

Radius of gyration about latcral axis, ky, feet, .. 11,40
Radius of pyration about .normal axis kz, feet . . 14,35

Electromagnatic mochunisms uere 1nntalled in the model
to provide the abrupt deflections of the ailerons, rudder,
and elevator necessary.for contrelling the model in flight,
The alleroi hmechanism wap ad;usted to provide equal up—an&—
down movembnts varving from 189 to %20°, - Budder deflec—..
tions varylng from 6% for the large tall to +13° for the
spall tall were used in conjunction with the allerons to



'prbiidd“proper control cooriiznation, ‘For-longitudinal:
contrpgl, abrupt elevator deflections of +3° or +4° were
used,

The model was powsred by a direct—current controllable~
speed electric motor rated 1/3 horsepower at 15,000 rpm,
The motor was located between the wing spars at the center
line of the fuselage end was geared to each propeller at
a ratlio of 3:1,

Power Conditions

The torque characteristics of the model gearbox unlt
were determined by Prony brake tests and the thrust of the
propellers was measured At dyramlc pressures of 0, 1,9,
and 4,1 pounds per square foot, These tests indicated that,
in order to absord full model power at maximum efficlency
for the desired propeller speed of 5000 rpm, two dlfferent
types of propeller would be required in the tests, Slngle—
blade, statlcally balanced propellers having a blade angle
of 406 at the 0,75 radius were required for the flaps—up
tests, U¥or the flaps—-down tessts, however, two—blade pro—
pellers having a blizde angle of 300 at the 0,75 radius
werae nocessary because of the reduced alrsgpeed,

The thrust developed in the flight tests was .deter—
mined from the difference between the flight—path angle
with powor on and the angle with propellcrs off at the
same lift coefficient, ™he full-scale torque znd thrust
coofflcients represented by the model are shown in flg-
ure 5, Based on assumed full-scale values of propeller
efficlency, also shown in flgure 5, the model powsr con-
ditions simulated 3000 full—-acale brake horsepower for the
flaps—up condlition and 2370 full-scale brake horsepower for
the flaps—~down condltlon for two englnes at sea level,

SYMBOLS

05, 11ft coefficient (11ft/qS)
m thrust coefficient for one engine (effective thrust/pV;Da)

Qe torque coefficient for one engine (torque/pV3D3)

D propeller diametoar



p density of air, slugs per cublec foot

free—atream veloclity

v, local veleclty
q free-stream dynamle pressure, pounds per square
foot (iﬁva
a
a, local dynamic pressure, pounds per square foot

@)

ql/q ratio of local dynemic pressure at tall to free-
stream dynamlc pressure

ky radlus of gyration about X-axis
ky radius of gyraiion about T-axis
kz rodlus of gyraetlon about Z-axils

an rate of change of yaﬁing—moment coefficienf with angle
of sldesllp (directional-stability factor), per
radlan )

5 wing are&, square feet
TESTS

The lateral stablllity and control c¢haracteristics of
the model were investigeated 2t windmilling and high-power
conditlons for three modes of propellsr rotation, All tests
vaere made with cach of three vertical talls and with the
partlal-span slotted flaps retracted and fully deflected,
The flight tests wers run At a 1lift coefficlent of 0,57
corresponilng to a tunnel veloclty of 47 miles psr hour for
the flaps—rotracted condition and at a 11ift coafficlent of
1,0 corresponying to a tunnel velocity of 36 mlles per hour
for the flaps—asflected condition,

CRITERIONS

Four criterions were utllized to evaluate the results
obtained in the free~flight tests, These results werc bhased



on vigual observabtlona of’ the pilot and obaerver and on
motion-picture records,-- . - e e - -l e

1, Steadiness.— A “ateadineas" rating that was con-
cerned chiefly with the over—all smoothnoess of motlion of
the model wag assigned each condition, Flights that 'had
smooth, gentle, and infrequent devlations from a given
course, controls fixed, were glven a high steadiness ratingj;
whereas violently erratic flighte were given a low rating,
Visual observation of extended flights was the only method
omployed to obtala this rating,

2, Spirsl stabillity.~ The spiral-stadllity ratings
of the model were determined by cerefully trimmlng the
model laterally and noting the tendency to divorge in elther
direction following a slight change 1n bank, caused by guats
or control movement, A definlte tendency ta dliverge was
takan as an indication of spiral instablility,

3. Adverso yawing,~ The adverse—yawing ratling ls a
function of the ailleron yawing—moment characterlistics and
the static dirsctional-stability factor an. Inesmnuch as

the alleron-control characteristices wore held constant
throughout the tests, the adverse yaw served as a moasure

of the statlc directlional—-stabllity characteristics of the
model, Adverge—yawing ratings werc obtalned by pllot ob-
servations and by motlon—pilcture rocords of the dlirection
and amplltude of yawing producsd when only the allerons were
usvod to maintaln heading,

4, Qgcillatory directionml) stability.— BRatinge of
the osclllatory directional—-stability characteristics of
the model with controle fixed were obtalned by visual
obsorvation and from moticn—-plcture racords of the damp-
ing of yawing oscillations induced dy abrupt control de—
flectlions, Conditions in which oscillations dampod out
qulickly were accorded high oscillatory—stablility ratings,

RESULTS AND DISCUSSIOH

The lateral-stablllity and control flight ratings are
g€lven in table I for all test conditions, The results for
both the. flaps—up and the flaps—down condition-are given for
11ft coefficlents corresponding to epproximately 150 percent
of the minimum speed for the partlcular condition, The thrust



coefficient for each engine was 0,045 for flaps up and 0, 075
for flaps down, Although thls difference in thruet coeffi-.
clent probably influenced the comparison of the two flap
condltlons, 1t 1s believed that the principal differences

in 8tabllity noted were due to flap position,

Effect of Vertical-Tall Area

The effect of decreasling fin area upon the oscilla-
tory directional stability (that is, demplng of the yawing
oscillations) followod the adverse trends normally expectod
end 1s 1llustrated in figure 6, The typlcal increaso in
the poriod of the lateoral oacillations with decrcaso 1in
tall area 1is clearly ovident,

In general, increasing the vertical—teil aree de-
creased thke spiral stadility, ae was expected, This re—
ductlon of gtabllity hed no adverese effect upon the flight
behavior of the model, 1Iun fact, increaslng the vertical-
tail area led to a marked increase in the steadiness of the
model., Even though the model possessed & slight degree of
spiral instabllity in certain cases, flights made with the
larger talls 1 and 2 produgced the Mgrooved" flights desired
by bomber pillots,

The results plotted in figure 7 show the effect of re—
ducing ths fin area upcn the adverse yawlng oscillations
caused by alleron amapplication, The customery increass of
adverse yaw wilth decrease in fln area is clearly drought
out by these data, These results are of general interoest
because they lllustrate that the appearance of 1nstadllity
may under certain conditiona be brought about by the influ-
ence of controls,

The results of the vertical-tall-area tests followed
expected trends and thus indicated that variation of
vertlcal-tall area could be utillized to emphasize the ef-
fects of mode of propeller rotatlon,

Effect of Power

The flight tests shcwed escentially no effect of power
upon the lateral-stability charactaristice of the model for
the flaps—up condition, (See table I,) For thée flaps—down
conditlon, however, power application resulted in an 1ncrease
in edverse yawing, an increase in spiral stability, and a



noticeable reduction of osclllafory stability for all
modes of propeller rotation, A tarked reduction-in the
directional—stadllity factor OnB wvag thus indicated,

4 conslderable reduction in stoeadiness accompanied these
chanfos and slzahle yawlng osclllatlons were encounteroed
with alleron application for model conditlons that, with
flaps retracted, had possessed excellent flight character—
lstics, In general, for power—on conditions, the lateral

stabllity was consliderably lese with flaps down than wilth
flapa up,

Flgure 8 1llustrates the adverse effect of power ap—
plication for the flaps—down condltlon upon the damplag
of the lateral oscilletions cf the model with controls
fizel even for high initial values of Cns (with verti-

cal taill 1), The adverse effect of power for the flapse-
down conditlion 1g also 1ndicated in figures 9 and 10 in
wkich are nmresented comparisons of values obtained from
rotlon—-plcture records of the power—on adverse—yawing
curves wlih the correyponding adverse-yawiling curves for
windmllling conditioas,

The destabllizing effsct of power applicatlon upon
the dlrectional—-stability characteristics for flaps—down
flightes mary be chiefly ascribed to wing-nacelle stablility
characteristice, The data contaired in reference 1 show
that the urstable roment of the wings and nacelles for
flapa—~dcwn condiftions was rmarkedly increesed by power
appllication for all modes of propellsr rotation,

Effect of kode of Rotation

Flaps—~up.~ The flight tests ehowed 1little effect of
direction of propeller rotation when the flaps werc up, A
study of table I reveale that the maln effects of dlrectlon
of propeller rotation were the out-of—trim changes assocl-
ated with tho asymmetric mode (both blades turning right
hand), Although neither alleron nor rudder adJustment Ffrom
windmilling conditions was required for powered flight for
the symmetric modes, abcut 6° right alleron and 4° right

rudder were requlred to trim the model when the asymmetrlc
mode was employed,

Although the etabllity changes witk mode of rotation
were small, a dlstinction between the relative merits of
the various modes of rotation could be made when the smallest
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vortical tail (tail 3) was employed, TFlights made with in-
board rotation (blades coming down near fuselage) showed

the adverse yawlng characteristice and the long-perlod og~
clllations assocliated with low values of an end indicated

tkat thies mode of rotation had the most detrimental effect
on lateral stabillty of the three modes investigated, It
should be observed, however, that this destabllizing effect
of thie mode, although distinquishabdle, was not large and
merely caused a change 1ln the oaclllatory flight ratings
from ¢ (poor) to D (unsatisfactory),

Flaps—dcwn,-~ As was the case for the flaps—up condi-
tlon, the arymmotric mode of rotation was the only mode ob-
served to cause conslderable out—-of—trlm changes with powsr
arplication when the flaps were lowered, The effect of mode
of rotation upon lateral stability, howevor, was more clearly
diacernible for the flaps-down teets And was of much leorger
magnltude,

The irnboard moda of rotatlon, which had induced the
leangt oscillatory dirsctional stadility for flape—up
flights, gave the most oscillatory directional stadbllity
of the three modes of rotation when flaps were lowersd,
Although this effect wes largest for flights with tall 3,
for which the power—off stabllity was least, it was also
noticeable for flights in which other tailas were used,

Outboard propeller rotation (bladee coming up near
fuselage) was responsible for the largest detrimental
change in oscillatory stadllity with power odbaserved 1n the
£1ight teste, Upon application of power the oscillatory—
stabllity ratlng with tall 3 was changed from rating 3B
(fair) to rating D (unsatisfactory), Long-period oscill-
latione further indicative of low directional-stability
factor OCp vere also observed in flights for this con-

dition,

Tke asymmetric mode, although not responsible for as
large a change 1in stability as outboard rotation, gave less
directional etabllity thaaz 1lnboard rotation and led to un—
satisfactory lateral bevhavior for flights with tail 3, Dure
ing theoee flights the model performsd a gawing oaeillation
of constant amplltude, roughly between O° and 109, flew yawed
at two trlm polnte, and aventually diverged in yaw to the
extent of corpletely reverelng hecading, Motlon-picture roec—
ords of the roll and yaw characteristlics duriang s flight at
this condition are presented in figure 11, This figure
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indicates that, because of low lnherent directional stabill-
1ty, the adverse yawing moment of the allerons was able to

" 'yaw the model past the point at which 1t bdecame statically

directionally unstable,

4 possible explanation of the effects of propeller
rotation upon directional-stabllity characteristics has
been deviged for both flap conditiong based on the air-
flow patterns in the tall plane, Stuper has shown 1n
reference 3 that the slipstream of a tractor propeller 1ls
split by the wing and 1s displaced laterally in the direc—
tion of 1ts tangential velocity and reunites in a distorted
pattern after leaving the trailing edge of the wing, Thils
phenomena was verlfied by Sweberg in reference 4, 1ln which
are presented power—on alr—flow surveys in the tall region
of a twln—engins alirplane equipped with left—kand propellers,
The results of reference 4 show that the slipstream pattern
behind a propeller and wing 1s practically independsnt of
angle of mttack or amount of power dut 1s primarily depend-—
ent upon flap configuration for ite ehape, TFor flaps—up
conditlons this slipstream pattern aventually assumes a
roughly elliptic shape after passing cver the wing and the
veloclty reglons 1a the tall plane are symmetrically dle—
tributed behind the proJocted vropsller plane, Consequently,
little effect of dlrection of rotation upon the tall suriaces
ig indicated, Deflection of the flaps, however, dilsplaces
the slipatream Jjet downward and distorts the dynamic prossure
distridbution into a kidney—like shaps at the tall plane.with
a concentratlon cf hlgh veloclties orn the down—going slde of
the propellers,

In effect then, for lnboard rotation, the slipstream
velocltles converge on the tail esurfaces when flaps aro
lowered, whereas for outboard rotation they dilverge from
the tall, These data, when correlated with force data from
reference 1, may be used to explaln the results of the preg—
ent tests,

The data in reference 1 show that with flaps retracted,
the application of power or the mode of propsller rotatlon
had 1ittle effect upon the stabllity characterlstics of the
wing, nacelles, and fuselage, The alr—flow data of reference
4 indicate little offect of mode of rotation upon air-flow
patterns at the tall, Relatlvoly little effoct of mode of
rotation upon the lateral—-stability characteristics of a
twin—-engine alrplane in the flape—retracted condition should
be expected, This rremise was confirmed by the present tests,
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The force data of reference 1 show that for the flape-
down condition, however, power causes & large decrease in
the directional—-stadbllity factor Gns for all modes of

rotation for the wing and nacelles, Any effect of mode of
rotation upon the directional stabllity of the alrplane
would therefore be a result of power effects on the fuse-
lagze and on the vertical tall, The effect of mode of ro—
tation upon the directional stabllity due to the fuselage
is not clearly underatood st present, Incomplete data in-
dicate that fuselage effects due to mode of propeller ro—
tatlion ara emall and similar in nature to the far larger
effects of the vertical tall surfaces, It l1ls therefore
believed that a satlsfactory indicatlion of the effect of
mode of propeller rotation can be obtained by a study of
its effects upon the vertical taill surfaces,

The slipstream patterns previously discussed 1indi-
cate that, because of the ilnboard shift of the high-
velocity reglons of the stipstream, inboard rotation will
cause an increase in the directional-stadility factor Gnﬂ

dus to the tall for emall through moderately large angles

of yaw, The value of 633 for this condition should reach
a maximum ot some moderate angle of yaw, at which point the
vertical tall 1s partly immersed in the direct slipstream
Jet, ¥Xor outboard propeller rotation, the vertical tail
wlll not enter the sllpstream Jet urtil a much larger angle
of yaw ls reached because of the 1nitlal outboard displace—
ment of the slipstream wiith this propeller mode, The effect
of the asymmetric mode (propellers turning right hand) upon
directionel stadility would be dependent upon direction of
yaw end would lead to peak values of an at moderate posgl-

tive and at large nogative angles of yaw,

The reasoning 1n the preceding pasragraphs appears sub—
stantiasad . by existent force date, Figure 12 presents force
data obtained from reference 1 and from unpublished tests
made In the LMAL 7— by 10-foot tunnel for the flaps—down
conditlion for two twin-engline models tested with three modes
of propeller rotation, The lateral shift of the slipstream
le plainly distingulskable from these data and the variation
of GnB with propeller rotation 1s as previously dlscussed,

These force data confirm the previous concluslons drawn here-
in from the tests and from hypothesia as to the advantagoeous
nature of inboard propeller rotation for normal anglos of
yaw, The effect of the asymmetric mode is also clearly de-
fined and 1s similar to the effect produced by inboard
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propeller rotation for. posltive yaw and to the effect of
outboard propeller rotation for-negative yaw,

CONCLUSIONS

The following concluslons are based on results of
power—on flight teste of A twln—<engine model with single
vertical talles of throe dilfferent.slzes in the free-
flight tunnel, Three modes of propeller rotation were
investigated — asymmetric rotetion (propellers turning
right hand), outboard propeller rotation (propeller blades
going up nevar the fuselage), and inboard propeller rote—
tion (propeller blades going down near the fuselage),-

1, The.greatest effectes of power and directlon of
propeller rotatlion on lateral—stabliilty chaeracterlstics
vere encbuntered with flaps deflectad,

é.. With flaps deflected, appllicatlon of power de—
creased the directlonal statrility for the three modes of
propeller rctatlon,

3. The agrmmetrlc mode cf propeller rotation had a
large effoect upon lateral trimw, Neither of the two sym—
metricel modeas of rotatlon required control deflectlons
for trim, whereas the asymmetric mode required approxi-
mately 65 right aileron and 4° right ruider deflections
for stralght flight,

4, Mode of propeller rotation with flaps up had 1little
effect on the lateral stablllty elthough blades coming up
in the center gave the loast reduction 1n oscillatory di-
rectlonal stability, With fleps down, however, the rota-
tion with blades going down in the center gave the laast
reduction in thle respect,

5, The most entisfactory dynamlec lateral flight be—
havior was encounterod with modols having large vertlcal
talls,

Langley Memoria] Aeronautlcal Laboratory,
Kationel Advigory Oommittee for iLeroneutics,
Longley Fleld, 7a,
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PFLIGHT RATINGS OF TWIN-ENGINE MODEL AS TESTED IN THE FREE-FLICHT mm’-
Node of Fropellsr Rotation
Ver- | Power Outbosrd propeller Asymmsstric propeller Inboard propeller
rotation \ s/ - rotation ™ 7V rotation 7 ¥¥
tical -
Qca Aa- | Osell- spiral| Ad- |Osoil- Spirel] aa- |oOscil-
tall di- jStead sta- | verse| latory| Btead- sta- |verse|latory|Stead-| gta- [verse|latory
iness| D111ty we| sta- | iness | D1lity| yaw-| sta- |iness |bility| yaw-| sta-
tion ng bnityl ing|bility ing [bilit
Flaps up; Cp ™ 0.58; T, = 0.045 per engine
wind-
mill-| A B A A A B A A A B A A
1
(aree: Full 2
A A A B A A
power A B A B A A
winé-
mill-| B B+ B+ B+ B Bé+ B B B B+ B B+
2 |ing
(medium)
Full | g B+ B B+ B | = B | 2+ B B | B | B+
power
iyt B+ [+] 4] [+] B c ] c B C [+
1l- (o] -
3 |Tiog
(small) a1l
2
B+ C- c c B+ C=- C= D B+ D D
power ¢
Flaps dowmn; Cr, = 1,00; Tg = 0,075 per engine
Wind-
mill- A c B+ A A ] B+ A A [+] A A
1 ing
(large)
Powery B c+ B B B c+ B- | 2B+ B+ c+ A A
wind-
mlle B o+ B B+ B C+ B+ B+ B [+] B B+
2 ing
(medien)
Power! - B B B- B-| B B~ | 2p= B ¢ B B
bl el BPE B o+| B o+| B o+| o© c+ B c+{ B
( -—511) | 1ns
Powerd p B+ D D D Bt p |2 o+ B o ]
ly1ight ratingss
Rating | Steadiness [Spiral Stability an. yawing | Oscillatory stabllity
v steady Stable Hone Osolllations heavily
A Hagne damped
Steady Oscillations moder-
B £11ght Slightly stable Slight _“i; damped
Erratic Oscillations
c flagnt |Slightly unstable | “ATEC R0, o, alightly damped
Violently Too excessive Oscillations neutral
D erratie TUastable for oontin- or n.rtl.voly
flight wd flight danpe
+ Indicates condition alightly better than letter designated
- Indicates condition alightly worase than letter designated

z‘h-!.n changes

with power
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